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■& ALD ^rtV ^iL^, ^1 <>l3i)^.^(20) 7l#(w)^ 

71^^^^7)1(51)^-, 7lt 7l^(w) ^oHl ALD ^*q-§- f^Hr ALD ^f^^l (S2)s+ 

, ALD ev^-ol ^aj-g 7l^( w )^r SIM^l-^ (20)<*IH ^S^Hr 7l^S^^7fl(S3)^, 7]& 
cHJL^ ^l^l^^r^(20)^l C^l7l^ 3.^SRr c-lnl7l^S.^^7lKS4-l)^- ( tfv)7)% ^ 
1:*^ 7>^i tflxl^, l-#^7>^fi]- #Sl^ 7}^1- «}:-§-§- 71(100)5. -a-°jAl7l 

^ ^-§--§-71(100) ^tJ-o} 7 >>i ^ ^ <y-a o. o>^5j.Al7l^ He)^^^^KS4-2)^, 

7>i ^ o>^ol <^5}-£ Ol* A><^ ^^(40)^1 RF ollui^l- ^17>S>^ #£l^7>^l- %^ 

ZL %^Sl-€ #Sl^7V^o 1 l ol^ A^I^UO) ^xgofl tH-n^ O. 

5L ^171^ ^s|l£ #5l^#7lKS4-3)sh ^-l*ll^#Hl^^:7ll(S4-3) cH^^ 4flo]s| 

l-^(20)olH ^S^A^m 3*1 7l^^S.^ ^31 (S4-4)2h ^^7l^:S^^7ll(S4-l)ollA-l ^u] 7 ] 
^^15^^:711(54-4) A>oloi ulTfll- *\o]s. 1 3] o]tf ^is}s\ , xfl^ dH^^ 

^*3*Rr ^4#31(S4-5) ; sj-s.^ «>-§--§- 7l( 100) iflJf# ff^7}is sl^V 

7l si *l#?il(S5);S i^Rr ^-i- ^^.S. *V4. 

£ 6 
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AL D SJ-^lMMJ-'t} {Method for depositing a ALD thin film on wafer} 

-£ 10-8: ^^SH) ^Z|^_£o) ^2)-!- ZLSfl^, 

£ 11-&- ^H^^o] ^.£^^1 14 €- ^zHr^ 5LAl*V ZLEfls, 
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J£ mr ^Ms)*^ ^S^sHI af^ #e)^^^£^ tSSj-g- ziEflH, 

£ 13-^ #^7}r^ ^^^-ofl ttfs ge^-g^^o] iEA]*V nsflH, 

.£ 14^ £ 9 <HH £ 13 7}*] ^I^NtS. ^ ^5=S ^>M-5. a, 

£ 17£ £ 16 21 Mm^^TlH floH A>^^H * ^oj^&j-g; #3^*Hr fs-f 
S. 18^ £ 1 ifl*l £ 32} wvnv-^-^-^^ ol-g-*H T^SHr ^H^^S] ^4^a] 

10 ... 20 ... SlH^e} 

21, 22 ... *1|l,2£vM~fr 25, 25 ... ^<g^-^ 

30 ... ^"^^ 33 ... 7>i^^* 

40 ... ^HHl^ 50, 60 ... RF oflM^l^-g-^ 

Pl, P2, P3 ... *1] 1, 2, 3<£;l 
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<25> OVtq.^^;^ Jicf J^a} O.S. ^ ol- ALD MVnV^^-Wj-^ ofl 7j\ 

<26> 5)^ SKESfl <$7\}^ ^JE^l ^ ^M3* ^Al?l7l fl*H tfl^s}-, 

c>qe|- «vn^a}-^ l7 ]. ^^joi - = flm(Footprint), 7>^ , 

^«1 n^Ji 71* nfl^ ^ <^e|7H7} ^ ^cf. ^71 

^^>^ ##*1 *-hM^ ^ *VM-7l- wfS- CoOCCost of Ownership)^, # 

71 CoO -§--§; ^ -fl-tHd-g- ^^l7l^c-11 ufl^- ^A*V Jl^i}. 

<27> av^v coo wi^ ^71 ^JS.*V 7l# ^ sfM-7f j=5H 7l^oicf. ;E.e}-oi 

#Sl^ 0 l^, ^*Ur 4*<HH #-§-§-71 l^ofl ^3}-^ ^Vl-* *fl7l*Rr 7]<£ 

°1H , #-§-g-7ll- 1^1 ^jl ^sKf- =e|oi #al^^l Jl^^I ^ o^«- 7 > CoO #oi 
71 31 *V ^lSolcl-. nl-^, av^^l ^tIHIa-1^ Ju^o] c^o] #el^^ 

71 31 *> ^tl- <S^-» ?±*8*}ji 9X^. 
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<29> A o v 7 )sq. ^-o. s.^^. ^§>7l ALD ^-^^^^ oj 

<30> «1H(10) vfl^fl sL^s} 7)^;(w)* di^SS. 7><lSRr $fl o] s^S) (20) , 

^tH(lO)* 'U-g-SRr ^-b]^(30) ^ #7] ^-e) = (30)^l *>Jf°ll ZL ^JEl(30)£l- ^<3£] 

711 Aj- 7 j 7]$(w)fS A]l^7\^ A ] 2 ^7\^ £-A>^ ^ll,2^-A> 

#(21)(22)#ol t$s$# A> 0,^^.(40)1- 7}7)±= «V-g-8-7l(100)^; #7] A>$|*||i=(40) BL±r ^7} 
A>^«fl = (40) ^ ^"71 fl|o] 3] 1-^(20)^.5. RF *1H*1» $l7>*fe 3<H5E. *>v+ o^sj RF oflM 
^1^^(50) (60);!- if-5h^ taVnV^^-^-^^ oj-g-Sr>i=. ^ , 

<31> ^71 1-^(20) 7l^r(w)^r 3.<3*Rr 71^3.^ #31 (SI) ; #7l 7l^ ^ 

71 7l^r( w ) ALD ^*Kr ALD ^#^-^l(S2); #7l ALD 7l*(w) 

* 31 (20)oll >H 7l^s.^^(S3); A J"7l 7l^r ^.S.^^- #7] 

(20)^H1 clPl7l^ S^Rr c|^l7lfl:SHJ^(S4-l); #71 k\tj) 7 ]% l-^Aj 7Vi # 

^ ^1*1^7, ^-%^7>>H4 7>>il- ^-71 0>-§-g-7l(100)S -pr^Al^ ZL aV-g-g-71 

(100) vflJf ^-Tj-Sl 7\±_ -Pr^ ^ ^^171^ H5l^^^M^^l(S4-2); ^7l 7>i -°r 

# ^ °J-^°1 °1^ ^7l .E.(4 0 )ojl RF ollM^ll- o] 7 HH t^7}±§ 

ZL *>$S^ #^^7>^<H1 2l*H -S-71 A>^«11 = (40) ^^M" ^3 

^flTl^ ^«lls.#^^^l(S4-3); ^71 A>^)«ll^#el^^^l(S4-3) * ^-71 DlDi7l^r 

-§r #7l ^ols]^-^ (20)<H1 Ai <?iS.^Al7l^ K\v]7}$;<£g_^T£?l}(S4-4); ^7] tf*}7}%3.*3&7\] 
(S4-1HH Dlnl7l^r^iS.^^;^l(S4-4) aHsJ ^sj-^ol ^^1§ i s\ o]# ^rg^s), a)] 
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3*1 7l** o]^}o$ ^*$t}±r ti>4^^1(S4-5); i&5^ #7] aV-g~§-7l(100) vfl^- 

<32> a o i- 71 ^ go. s.^o. ^^ 7 ] <HfrH, ^ i^og n}^ ALD ^-^^-^ 3 r}^ 

1 — j 

<33> ^tf|(10) ^ "-oil ^l^M 5*3^ 7l^r(w)* ^^515. 7j-<I?>Kr ^1^311-^(20), #7l 

^^(10)» ^-g-^ ^-^c (30 ) j ^- 7 1 ^^(30)0) ^w.ofl H ^-e|^.(30)Stl- ^<^£l7fl 

^€ 3J-$-5.>H ^7l 7l*-(w)#5 ^ltiV-g-71-^c^ ^2tiV-g-7>^l- £-A>^ ^1,2^}1 

(21)(22)l-ol A>^«)1 = (40)1- 7>^1^ tiV-g-g-7l(100)2l-; A^sfljELUo) SE^ <#7] 

a>^^i = (40) 31 ^y) n°]*)^(20)SLg. rf °ih*i» ?]7>^ qo\s. *>m- ^ ^ 

*l^-^(50) (60);!- 5Lf-*Kr ^^^l* °l-§-*H=r 3J°-iM, 

<34> a o V 7 ) s>)}o)z\ «-^(20) Aj-ofl 7l^;(w)# 5^Rr 7} #3.*$ #7ll (SI) i #7l 7l* 5^ # 

71 7l^-(w) tfofl ALD ^Sj-sj-fe ALD ^-^^7fl(S2); #7l ALD a^o] 7 ]^( w ) 

* 31°l3l-l:^(20HH <a5^*Rr 7l^;^S.^^-7fl (S3); <#7) 7}% ^S.^^ -$7} $)]o}v]^ 

(20)^1 f£f aVnV-^^ ^.c. ol o] o] ^j-^ ^JE^J-^-^ (S3 . 5) I °] 5] 52] 

S #7l *Ms)-M(20)#o|| ^ D l ^1 ^r-a- S^Rr tf*]7}$:^T£mS4-l); ^7] cH 

71* 1:*^ 7>i ifl*l^, l-%^7>^ 7}if ^"71 aV-g-g-71 

(100)5 -fi-SH^ ZL a>-§-S-7l(100) vfl^- ^-TiS] 7>^ -H-^ ^ <y-^-ir ^s^l^ = e]^t] 
*N#2fl(S4-2); >^7l 7}+ $-4=- £ oj-^o] oV^^ o]jf. ^-71 A)^ 31 J= (40)^1 RF 
ol7>sl-^ #el^7V^# o.s*| n #el^7>^o 1 ] ^v 7 ) a)^] i=(40) 

a^^l a^-fr ^jf?!^ alM^Rr ^*ll = #e]^^-7fl(S4-3); ^-71 a>^^«s]^^- 

71KS4-3) °1^ >^7l C-lol7l*# a o V 7 ) o flolsl M.^ (20)ollAi oj^A} 71^ C-ln] 71*015^^-711 
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(S4-4); #7l cl^l 71*5.^^(54-1)^^ c|nl7l*ojS^*^l(S4-4) A>oJsl £*H°J ^l* 
3<H£ 1 3 °1# 41 5. £ ^Dl7l*# ol-g-^H ^SRr ^*^l(S4-5); #e)^ * 

^ #7l ^r-g-g- 71(100) ifl-?-* 1-*^7>^S. 31*1*1-^ #7l ^0131^-^(20)51 Bj-Dj- 

^2j-Aloq ^tr^ ^Al7l^ £:£#*£ ^-§--g-7l2lxl<27}KS5')!- i^Hr f^AS 

<35> g-TgOfl 5a«H>H . #71 ^-BlS.(30) SE^r #71 A>fl^|c(40)Sl ^MMl^r #7l #-§--g-7l 

(100) £-*#7>:£i* £-a>*}^ cf^^l 71-^71 ^#(33) ol ^^51 ol oij7 ) a o v 7 i ald 

«VuV^;*Vt£ 31(52)^ ^-71 7>i^^-*(33)S. 1-#^7>>171- ^-A>£lol A> 7 } ti>-g-g-7l ( 100) 
^o.^ l-#^7l-^7l^ol ^Aj£)^ ^o]. ^«gs]i=. $0} y>^^d-. 
<36> ^. Hj-igofl &o)X) t ^y] ^-e)S.(30) SE^r #71 A>^^ = (40)Sl *Jf<*«fe ^ *>-§--§- 7l 

(100) vfl^O. 5. ft^7^f ^-A>^ Cf^Sl 7 >^7lS.*(33)ol ^Slol oljl, ^7] 

^l = #e|^^-7ll(S4-3)^, #7l ^lll^-A>^(21), ^2§-A>^(22), #71 7>^7|^(33) # <H^ 

*}^S. ^el^] 7>^7> ^-AfSlJl uf^^ l-%^7l-^:7> ^A>S) ^ # ^fl °1] A| 

<37> ^^H, A o V 7l A)<^i=#iLl^7ll(S4-3Hl ol o1) aV 7 ] A>i^J= (40)^1 ^£7} 

^-i§>7ll ^-el-7^1 &51^-, #7l A^5)ln (40)s 9j7l-£l^ RF <i M *1# Ir^^^A^ 14^01 
9j7l-%v -tr clef. 

<38> ^ ^ofl ol^l, 4>7l #El^§f^ ^oj-ofl £ ^ A^^ll^.1- #Sl^*l o] * 

°fl ^S^Itt ^^-5.^, #7l ?llol sl ^-^(20)^1 RF *im*l* 9J7H1-01 #el^ 7 ^l- %-*§s\-*)^ 
<L5L^ ZL *^5}-^ #5l^7>^o]l o^a} a> 7 ] ^ ol ^ ^-^ (20) 3.»£ofl 3<f^ aVol-^ ^:*j_o 
5. -t-El^sf^ $11 ol 1-51 ^^7^1(S4' -3)1- Dj ^H, #71 
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^#^(20) ^} k\u}7]#o} oy^s) j*. ^Al^cf. 

<39> ig^ofl $X°} A ~] , #7] A>^*H= ^/S^r Sfl o] 3j ^- g] o] ^ 6|M igj-^s} «. 

^^-71(100) ^S^ofl Jl^M 7]^r He]^^^-^(S6)# ^ , ^7] H^iS^ 

^il(S6)^ ^71 ^11 ols]^-^ (20)^oll Cinl7l^o] ^ ^0^4 *U^3 #7fl 2f # 

71 ?|015H-^(20)^H1 C^l7l^# S-^Al^l tf^ofl^ ^5]^ ^2^3.^^)^- ^ ^ . 
<40> o^, ^ofl ALD MV^^^-HJ-^ o. ^a.^ tETg-l- t^^H >S-^|*| ^^W. 

<41> 5L l£- -g- ^ofl nf^- aVnV^^HVttj^- HVnVS^-xl-^o) ^l^A]^^ ^ £o ] 

31, £ 2^r tcj-s aVnV^V«Vtf .g. ^f$a>\^ aVDVa^^o] *fl2^Hl^ ^^^0]^, 

<42> 5LA]£} a>sq- ^-ol, wv^-2i-^ 1 ^ > ^tH(io) xfl-^ofl $]x}S\ol o}^S) 7)^;(w)# di^^r 

SisL 7><t*>^ ^01^^-^(20)^, ^^(10)1- ii<H ^^>^ B^xroo)^ ^-e]^(30)^ ^ 
ofl ZL ^J= ( 3 0) <4 ^SjTfl TJ^-^ 5! — .sL^i 7)^r(w) ^ll«V-g-7>^^- ^ll21^7}it 

44 A)^*ll2=(40)» H> 0-^.7] (100)1- 7>^lcf. O]^, A>^^]co| Tj^ofl^ 

7l^-(w)3f Jg^tb ^-A^o] ^5)^ &o.d}, ZL ^-Aj-^ofl^ ^Mtb ^2^-g-7l- 
^» £-A}S>7] ^ Cf^7fl^ ^ll,2^-A>^(21)(22)-i-ol -#Jr &7fl o}t} a} 

7 H. A >^^l-B(40)^r #5l = (30)S+ ^^^1(45)^] ^«^s]oj 01 J7_ 3] ^.a^ ( 2 0)^ 

«Kl)2]- ^<£*H(25)j5L ^<£sH 9X^. 
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(50)(60) z}-zHl ^«I|.E.(40)£1- ^o]2]M.^(20) z^ofl rf oflu]*l# <y 7 >^ =^ 

^■^^■^17> Sl^sH -£ 2 ^ RF ^lM^^^-(50)7> A)<^1 j= (40)^ 

311-^(20)^ ^Ajofl RF ^Ui^l- o]7>^ ^ HV^2}-^-^7V £ 3 ^ 

RF ^m^l^-?-(50)7> At £1(40)^4 ^l°l^^-^(20) ^ ^H^l RF ^ 

<44> olaf ^o], Rp ^ui^^«-7> A>$)3l|J=(40) ^/SLtt 31 ^1 ^1-^ (20) 4 ^sq^r «J-^iofl 

^2} ^#^-^17} ^ SU^, A>^]^c(40) ^JlS, JE^r ^^(40)^ 

^1^1^1-^(20) 51^1 RF ^lM^ll- ^17>^- ^ ^cf. 
<45> ^-^c (30)o11 ^ 3*11-^(20)3 ^ a J-§-§- 71(100) ^I3^^sf<y 

(P3)^r -fr^Tr 1-%^7V^# ^A}§H 1-%^ 7>^7l^# ^*Rr 7}^^ 

#(33)°1 oicf. o) 7 ^^M(33) S ^ #e^l, #sl^7>^7l- ^5. &x}. 

a. ^Ajoflofl^, 7 j-^M(33)-g- ^-^^(30)^1 ^^£]o^o.q. ol - ^aHH Irij-^ji, a> 

^*fl = (40)S] ^Hfofl fgA£Q ^ oi^ 
<46> A>*)«)]c(40)o] Uj-EHl^r ^l^TJH^tPl)^ 2 <g ^ o} ( P2 ) -f-*}o} -R-^ 

51^ *Hl,2«V-g-7>il- ^o|3]^-^(20)^ ^-Afs}^ 4^7fl^ ^l,2^-A]-^(21)(22)ol ^ 

^3<H ^ll,2^-A>^(21)(22)^ ^^ = (40) tfl^-oflA^ uYv^x] ^ ojtf. 

<47> o]e^ aj-nv^^^^. oj-g-^j- yVnV^Vyj-*]^ ^H^Hl* ^ 



45-12 



20030015718 #^ 9=1 7>: 2003/12/30 

<48> £ 4^ £ 1 ^1 £. 3^ wVnV-^V^S. Ol-g-^ ^*Kr «|nV^2}-y o l-rt^ ^1^^^] 

1- ZLEfl^S. S.T&o]3L t S. 5tt S. 4^1 , A^SflJELofl -g-o^;*] 0.3. RF °fl M *1 7> 

°J7>£1^ ^Efl* £AltV 5L^H, 51 6-£- 51 4^ av^^^ofl olo^ A)^l£f #£^> 
^ 51*1*1 S^olcf. SE, 51 7^ 51 4^1 ^-^#^-^^Hl 31 °1 3*1-1: 

^ #Sl^*Rr #5.^-* ^33-2.3. 51*1*1 H^oIji, 51 8£r 51 7<=H1 5a°H, $M 3*11-^-8- 

<49> MVnV^aV^^^ ^l^Al^^, cqiol^l-^(20) ^Hl 7]&M-^r sL^Rr 7)#sL^ 

^KSDSf, 7l^^ ^ 7l^(w) ^ Vo fl ALD ALD ^^^^Tjl (S2)^, ALD ^> 

nvo] 7l^(w)^ 31 °1 (20)<HH <£3.^SRr 7m^S.^^^l(S3)^, ^-§--8-71(100) 

vflJfofl t^^7}if A>4q*D^(40) ^/31fe ^o]2]^^(20)-i- -5}oH-^^Al 71 — 

sKI#e^cl7jl(S4, S4')$h slJL^ «V-g-g-7l(100) vfl^-» lr«-^7>^S. 3f)*l*Hr «]--§- 

-g-7] 31^1 ^7^1 (S5)^-, #3h§ ^1#S ^-§-71(100) mi^oll tf°>Sl*r 3*3 ZL 
^-§-§-71(100) JL^-A] 7l^ H5l^^^7lKS6)l- i^-W. 

<50> 71^^ «>nVol #31 (SI, S2, S3)^r £ 4 £^ ^ «>^- ^o] , a - e() ^714 

g °1^MH o] =o^^]uf. o] ^?_HH ^1,2^-a>^(21)(22)* f-*><*} ^111^71-^ x|l2«V 

-%-7\^7\ 3H3]^(20) #3 7}%(y)O.S. JH^^^-S -g-A}S]jl 7l^;(w)^l ALD ^ V <>1 

<4. £^^1H, #1, #2, #3, #4 ^ yvnv^^-o] til^-sl^ 3^r3 <H « ^H^l, ^ 

7}#^ ^1 *r ii^. °H , ^-§-§-71(100) ^Jf3 ^-grJE^r ^1* 

A1 2 0 3 ^-S- ^-f <H] 470 r S ^^5>^A^1 7l^o) 7}<^Z\^r -£5L^ 450 °C 7> 

^Cf. ALD Sj-*M ^^7l^ =e1-o)^-^^cJ 7 )| 7 > ^^5l7l W>JeL ^l^ofl ^oj^M.^ 

(20)AS^-E^| ?J5.^£H ti>-§-§- 71(100) $\^-S. iral-7^i4?icf. 
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<51> *V^, tiVuV^Vol ^S}^ H-e|JEL(30) 5E£r A>^«flS-(40)^ ^Hfofl 7> 

^7}-E-*(33)* -f-*H «]-g-g- 71(100) i4]^-°3L #^7>^# ^ffoj 7}i?]^t ^*Rr 

3°1 «>^^*m. °l^r ^l,2«V-6-7>^7> #-§-§-71(100) ^#£l^r 3* #<yo.5.*) 

^ #-§-§-71(100) ^^ofl f^-sq^ ?>i^r a^s^tf. 

<52> A o v 7 |*j- cf7il# 7l^r( w )ol] f^-Sl^ ALD ^^"-gr, A1 2 0 3 , Hf0 2) ZrO 2 0 1^°1*1 

<53> ^sH^s^c^)^ eo _e 3 ^^s)^ ^o.^ a^^^C^)^) f^(H^r 

€ ^3iliiL #Bl\^Rr ^^l(S4)sf. e 3 -fo ^^HM ^£l^r ^A^i ^H^^ 

(20)^1 7R>7}e| Jf-g-ofl ^zj-( £ ^ S)^)^ HVnKg- ^^^O.^. ^^l^Rr #7ll(S4')3. ^ ^ 

A. 

<54> Dj^] > ^^cc^l HVnV_g. ^sKf- ^^1(S4)^, ALD ^a}-^ 

71^:* ?|o]s]l-^(20)^Hl^ •d-S-^f!: ^ ^S^r nl t>l 7l ^ JsL^Kr cH 71^3.^12-711 
(S4-l)£h ^\v)7]& sL^Jf #-§-§-71(100) 7 >i ^ ^ aj-^-g. o>^ sM 7} ±r = 

^^^^^^^(S4-2)^, 7^ ^ ^ <y-ao] oj-^^Hg oi* 3)i = (40)^i rf °im*m *i 

7HVO.S.^ ^-§-71(100)^01 ^ofl ^51-^4-1. ?§^7>}*H #S1^7>^1- *^^1^0.S.^) ZL 

#Sl^7>^ofl <S]bH #-§--§- 71(100) ^-^^ ^«11 = (40) ^ 
f^^3. ^171^ ^^1^21^^711(34-3)21-, ^^l = #5l^^-7ll(S4-3) °1^- C]nl7l^:-g- 
*M 2H-^(20)oflA^| £ 3.^*1^ ^171^ 71^5.^^-^(54-4)31-, C-lnl 71^3.^^-711 

(S4-1HH ciDl7l^-^S.^^:7}l(S4-4) *}o]$] ^l-^<y #311- ^ol£ i s\ o)j$ ^zs}£[ Afl 
^ olul7l^g- °l-§-t>M #^-#7ll(S4-5)-I- i^^cf. -g. ^aHHIa-1^ d1 ol 7l 

^^TjKSS-Dofl^ Dlt3l7l^;<>l3^ci.^ (S 3_4) A |. ol o| -^^o] ^^i^. 3 s\ t^^-cg ^ ole^ 
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#31 °l^°fl x^xj] 7 }^ <dS^ ^ #-§-§-71(100) ifl^-i- *»^7h2i3. 

<55> ^^7)^^^^1(34-1)^, ^ol3Ell-^(20) ^oHl 3Xfl^o] tfu]7)&& 

^Itt #3Htf. ^EW^e^^., *>-§-§- 7l (100) t|H ^£ #eJ-^K direct 

plasmaHl #el^7>>i7l- ^#*>^^i o^o^] nfl^-ofl , ^o]^^^(20) 

#^(20). *r nJ-=H, ^ll o l^#^(20)^ £#°iq- ^m°l 7fl^ 

^Ixr «oM^>7l ^ ol 55)1-^(20) c)nl (Dummy) 7)^* S^A^fe D)nl7j# 

S.^^1(S4-1)# ^*Rr 
<56> s^3.^^^cf7)](S4-2)^, t^Pl 7]^ S^*- l-#^7>r^ SE^r # &| ^ 7>i <4 7> 

i<5] ^ «>-§-§- 71(100) iflJf- 7>i -B-^ ^ ^sm?! 

^(Hf0 2 )', *1 ^ (Zr0 2 ) Q #°1 ^^-^^ 13 H.eW#ii)^ ^0.5. #&]^£]*1 

^ «vnv<^ ufl A>-g-£]^ #el^ 7>^^ BC1 3 °li, l-«-^7>i^ Ar, N 2 » A>-§-^cf. 0^ _ 
BCI3 21 -B-s^ 5sccm olAj- lOOOsccm 3- , 7j-^°l % 5sccm lOOOsccm 

SL3. ^cj-. ZLBlJl ol-g-g- 71(100) vfl«- <y-^£. 2 Torr ©1*>S ^}^. (#efl<y 6) 
<57> a><^ sil = #^^^:7ll(S4-3)^, H.el^A^^uf7ll(S4-2) °1^, 1 

^Hl -H-^l^lS.^- A o v 3HH a>^ ^1^(40)^1 RF ^lM^ll- °J7>^ #7flo]th olnfl, A}-g-5} 
^ RF oflM*l^r 13.56MHz ^ ^-g- A>-g-^ , rf cflu)*l7} <&7}%dH ^ #"§-§-71 (100) vflsl 

^-?»1 ^e}^}7\ %*3&tt. t^nfo]] *)-s}cx\ 7>^Oj^ A>o^ 1 c (40) o 1 l 
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<58> «>-g-8-7l(100) i^HH #ol ^3)-^ J=L«-,g. A>4q^|S.(40)ol^ tt}-^ EL^O] 

^*D = (40)1- *ti3J°l #&N*Rr7H ^H^^r. 

<59> A><^*)1 = 1- oJ,o]A] ; A>^^JE.(40) S^Ofl 3^ MVnV^ ^Z^S-CEtch 

rate)!- ^r-f^Tr 7}^ -g- Jl^^r a^^c ( 40 )S o] 7 >Sl^ RF ^l^o] 3)-^ (Power )7> s)^, 
tf-g-JlJL #e^^ ^ *$Hg 7>^ i^tilM-, =5}o] #&)^ ^§H=- -t&N7> 

oj-^ (Pressure)^] 3]j= (40)<Hl <y7}£]^ RF 300W 4500W <>1*>5. 

^ 3M y>^^^^ ; *UHHH^- 1500W S. ^>^cf. 
<60> a><^*i)jel(40)# #s^*Rr ^WH, A>^«H^oil ^#5^ #^^7f^ 

M-^ <r 5^. ^, RF ^m^ll- on ^ off ^ o_^m) ^s]^ q-^cH ^]7>^ ^ ^"cf. 

<61> ^-o] A^5jln (40)t #E^srf^ ^ l-g-A}^( 2 l) , ^2^-^h*(22) , 7}^^ 

*(33) ^ <^ *>M-S ^5+o] 7\^7\ ^A)-£)ZL if £ l-^-Aj 7 >i7> -g-A}£}i- 

^1^V# ^*l^r ^12^a>^^ #sl^7>^# ^-f , ofl# BC1 3 B ^7> *fll,2 
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<63> 71^^^1(34-4)^, #7]S%. £o) a>^*|] = (40)» #eN*Kr sMHH 

S^ofl nf^- ZL 3)1^(40)5.^ «]-5Vol ^Dl7l^:# ^ol^-S-e^OHH <y 

S^l^ *fi7^Rr ^Tflolc}. 

<64> ti>4^^1)(S4-5)^ ) #el^ol olJjLo^ ^ o{£S dnl 7l^;S.^^;7ll(S4-l) 

oflAi t:-lol7l^-<?lS^^-7ll(S4-4) A>o]o^ ^>^o] cfTfll- 3^51 2^1 o]^- #7lHc]-. 

«>4^:^(S4-5)» ^*3^-<H] Si^i ^-g-^i th^17> s^o) zi-zv^ x^^o. 

<65> Cf-g-, ^-fofl a>^ = # #e^*Rr ^o>oll Sfe A^§H£L1- 

^ o l^l-^(20)* #^|^^ ^7ll(S4')l- ^*1^. o-|ei*V ^tH(S4')^ a>^)^^( 4 o)# #^ 
^*Rr ^^l(S4)2f -H-A>^>rf. ^ t ti];^-^.^l(S4-5) ol^ 31 o] 5] ^-5} (20) tfofl Afl5.o. cj^jjg. 
S^*Rr ti°l7l^^cl-^( S 4._ 1 )2 1 . ) al;-g-g-7l(100) tfl-*fiiL 7>i ^ vfl^^ 

£ ^^7}^ 7}if -fr^Al^ n y>-g-g-7l(l00) vfl^- 7>i -fr^ * <y-^# 

^^M^ Hs]^tq^^^7ll(S4 , -2)fi]- > 3101311^^(20)^ RF °11M*1«- 9J7>*H ^-§-§-71 

(100) tfl^ ^^Hl #&F^P># f5l^7}if #^2M^JLi=*l ZL #^2)-^ #^^7> 

3H3m^(20)^ ^j^^A^. #e^Hir ^#£^#711(34 '-3)2}-, ^}7] 

^ n^^\^(20)o]}^ ^^7} ^}7]t}^ clnl7l^;9i^-^^:^(S4 , -4)5+ ) t:i*l7l# 
— ^ul7l^^^;7ll(S4 , -l)ofl^ ^nl^^^^c^^Ks^) ^o] ^ o] c^s. 3^3= 

15] o|a o V tiV^-^>^ ti}^-^7lKS4'-5)# 
<66> ?|olsll-^(20)* #^*Rr ol-fl-Tr cj-g-^ ^cf. 

<67> ^ll^tiV^^oH ojsj-o} 31 01^^.^(20) o]| 3.^5]^ 7l^oll ALD ^avsi^c-ll, ol 

:*HM1^.£ £ 8<H1 «l-2l- ^-o] ( 310131^.^(20)^ 7H>>*>eUp), ^ 7m(w)sl <2]^ # 
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33(2^r 31 °1 ^1^(20)21 7}^7,}^o\] ^aj-sj uvnvol ^o. 

ofl, wvnv^ ^(PeelingH <|J<H^ T^tf. rcj-e^ ^o] ^o^l *H wVnKg. ^ 

*>7l ^)o]^^-^^^^ ^7,1(53-4)1- ^7>jiL ^}f>}±r ^^cf. ^ol^^-^^e)^^^ 

(S4'H1 Si<H, 3^5} (20)^1 150W <>]<# 2000W <>1*>7> <&7}^. 
< 68 > £ 14^ £ 9 <fM £ 13 7>*1 ^^HrS. ^ *>M-^ ^Bltb 

3Mi=K 5= u m. ig^-s}^ nfi , £-§-g-7l (100)3. BC1 3 70 seem ^ Ar 30 sccm^- «>-§- 
-§-71 <g-^.§- 183mTorr 5. ^1 #3HH A>^^ = (40)ofl 1.5 Kw# ^H}^ ^ tsflc (40H1 
A1 2 0 3 ^ 800A ^£3. ^ ^-71 ^-11^311-^(20) S. 

^1^ #sl^°l ^si^til A1 2 0 3 71- 7l^t *3l^ji ^4 ^ 200 A 

AlZl-ol 5)$^. ol&|*)- ^>ol^ A>^*|lJEL(40H RF ^m^l» ^I7>^ ^ol7l nfl^-ofl A^^JE. 
(40)^1^^- ^01^^(20) S.'S'SHH^ aiz^sl^ cf^ e 7fo)7} 

<69> ^A o V ^ol3l^-^(20)ofl^^ A1Z1-J21- 7fl^2}-ol ^-A}6\] 0)^0]^ ^o\) ^ 

Ci #Sl^£U, ^^-.ol ^o.^ A^^l^oH^ ^E^sl av^-ol ^ols)M.^ 

S^ilS- o ) lo]5l^.^^^^^ 7 ]l(S4 l )# ^ clef. 

<70> A>^*H^(40)2l ^^£71- RF <>)m*l2l ^u)-, #51^^151 ^^SH" ^M^^Sl 

A)ol ^zVsqo^Vii. M-eHH, Aizi-g ^5L±r a>^*11^.(40) b>3^ # ^(top), ^Ei 
(center), w}^ (bottom) , ellHS(left), 2r°lH( right) 5 i^S^l^ *f^Q ^ ^3t°3. 
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<7i> £9t % v ^>^, ^«fl = (40)<^l ^]7>5]^ RF *IM*l7} 1000 W <HH 1500W 3. ^7}& 

ofl 4^ ^aj-g A1 2 0 3 ^^£7> 510 A/min <HH 734 A/min #7>^ ^ 

< 72 > £ 10 * #3^3, B.s}o] #e^o] ^I^S]^ ^ol o^o] 152 mTo rr <HH 185 mTorr 

7> ^7}-%Hl , £-517} 42 °C ^ *fl 921 A/min «1M 734 A/min 3. ^H-^, ^.£.7]. 30 0 
°C °Jnfl 891 A/min 795 A/min 3. ^^>^-§: J^ltr ^ Xl^. 

<73> £ 11 f #2:*r^, ^H^^o] ^ £7] . ot 40 - c ^ 300 r s ^7>^-ofl tcj-ej-, 

ol #el^ol ^5)^ ^ol^ <y-^o] 153 mTorr ^nfl 921 A/min °1H 891 A/min 3. ^-o>^ 
JL, 183 mTorr 734 A/min <*IM 795 A/min 3. fe^V^* ^ 0^7)^, 



<74> A>^afl = (40)6|) ^3}-^ BJ-^ 33 $^£7> ^Olsl^-^^ ^S^S)-^, ^el^Ajo] oj- 

100X3 -»-^&)/(2*g-^)(%) o]cf. 

<75> £ 121- 3)1-3 (20)^1 -^£71- of 40 °c *1M 300 °C 3. ^7>^1 43, 

= 3°1 #3^0) *1^3^ -^oj-o] oj-^oj 153 mTorr ojnfl 2 4.7 % 8 % 3 ^ji, 183 
mTorr 15.5 % oflA^ 9,6 % 3 ^°>3-§- <g + 013-. 
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< 76 > £ 13-g- %v s ^ > =^ol #5^oj 5]^ ^-oy oj-^o] 153 mTo rr <HM 183 mTorr ^ 

#7>*H] tyQ, f£7} 42 °C ^ ^ 24.7% °1H 15.5 % 5. ^>^i, ^£7> 300 °C °Jnfl 8 % 
°1M 9.6% 5. ^o}^ <g ^ 91^. s. 13°lH^r ^o]3]^-^(20)«] ^517} c] ^-i- nfl 

^^oi ^^c^£ ^-^^ 3. ^sj. 7] . ojj7 io% m-e}^^- ^ ^ sa^-. 

<77> a o V 7 1^ ^-o. pfl^ul^cHl B\7]*}<x\ ^) ELZ}o) 

*fli=L S^°l] ^€ *J-*M ojo,^ Al2 Q 3 wi-^^tiH ^^Hr^} lOOOA/min ^/^7> s)£ 

<78> ^^S^^7^1(S6)^ ( f 0 -g ^^HH ^5]^ ^^-S.^, £33^ ^ 

*>7l oj^oi] av-g-g-7l(l00) ^^3*11 #^*V ^^Mr ^oHr 3. ^-^-^ 2=eM#iiN 

^ >&-§"§- 7l«- 3)*1 ^ ol^Lofl A>4q^| = (40)M- ^l°l^l-^(20) S.t£°\}*\ *]7]S\X} ®JL ^ofol 
^ S^M: c}cf^ JL^A) 7)7) 4^- *fl^ Bd(Run) 7l^o]]^ ^3V^ £7 |. ^cfls t+ 

-2.711 *>7l ^, A>^^^oll o^^H ^zj-ol <g Jp^o) 7l^ofl>H 3 #3 Si ALD wi- 

^ SZcf. °1 ^ *V Hejia^ 7l^-( w ) ^Hl ^-g- ^^HRr ^JEiiq- m>s 

Til *Vtf. ^*>^ ^l ) 2«V-§-7l-^i0 1 3]^ 3- 71] e>7]l4 ( CVD y o V ^ 

^ ^l,2tiV-g-7l-i# ^g-Alofl HV-g-g- 71(100) Lfl^-S -g-A}^ ol^^Tfl #t\-, 0)!=. ^ til 2) 

isltl- ^14. 

<79> ^5lS^^7fl(S6)^, ^ olsl^-^(20)^-oll dnl7l^ol ^tflofl^ afll = Sl:S 

^^1^, 31^-^(20)^1 Ci o] 7l ^-fr S^Al^l ^EfloHA^ ^5L)^ *1] 2^ #7jl 5. ^ 
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S^^ll- -f-SH 31<>N 1-^(20) ^Hl aj£*Ml ^BVol ^sj-sj^s. ^ ( 

$M ^11-^(20)^^ <1°1 71^1 ^ ^ ^tf. ZLeiM- ^-7ltb #31 7> U] 

JjL zjo^s. oVSj^C-fl o]^ ^o] ^1-^(20) a^^Hl M^- ^£ «|-^ol iEL^Sqig 7l^£7> 
7^>£]7l nfl-£-o|cl. ZL^JL, ^2=^ i2^7fl«- ^^ = (40)^1 #-g-*V ^^1 

t SSl^^^-7ll(S5)7> ol^iofl ^-7] ^ «>^^^ (S1)# a]-^ ^*S*lcV 

<80> £ 15^ £ 1 ^ £ 3^ vVuV^^^ % 0l^-^>0^ ^*Hr BVnVS^J-^^ *)12^aH1 

<81> ^^ois^^^-^ofl oicH ; A>^)^^(40)S1- (20)oll ^Al^l 

RF ofluixl7l- <y7>5l^, ol ^.o ^«|lc ( 4 0)S! |. ^| 0l 5i ]M.^(20)ol ^aHI 

<82> £ 16^ £ 1 ifl*l £ 3^ wVnVS^^]^ o]-g-^>^ ^^Kr ^^^^l ^3^^^ 

<83> -g-^S^ HVnV^aVHj-rt o} ^3^0^ ^fl 1^ A^] ofl <^ ^oj^J. 7l fe^Tfl (SI) , ^j) tiV 

nV^^^-^ (S2)> 7l^^.^^-7ll(S3)# ^V^O.^ =^^tt ^, 7m <>IJL^ ^0131^-^(20) 
9] aj-nV-^-AlJinf v££- ojo^ *>#*}£r ^JE^^l (S3 . 5)» ^£ 

o^^l (S3. 5)011^, oflo^^.^^ ^-^-gr£o1]Ai ojo)^ A.t=^_ ^Cf. 
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<84> cf-g-, 4?^] = t #b]^Rt 92^21 ^Tflsq- *q 013)^-^(20)^ #3^*Rr H^sl ig-Tjj 

(S4-l)sh HHl^^^^^7fl(S4-2)^, A>^*D^el^^l(S4-3)^, nW^ojS.^^CS^) 

<^HH ^*}7]%3-^&?\KS4'-l), H&1^tq^^^-7lKS4 , -2)^, ^oI^^-^^^^c+t]] 

(S4'-3')^- ) ^\xi)7}%<^S.^^}(S4'-4)^, ^^}(S4'-5m ^1^1^^-^ 

(20)^ «Vnl--3j-Alol ^T£^ £-£>£^ ^ ^-§-g-7l^^l^^(S5')# 

^^ir ^ ^^l^l^KSS'HH, ^olsl^-^oi 400 » c ol^>oi ojo)^^^ 

H 470 °C 51 ^-^£3. ^Al^lcl-. 
<85> ZL^JL, 31/^ %}o)3\M-^o) #5l^£l^r Sf^ofl^ «-AV#^- 

^-§--§-71(100) ^\&^°)) Ji^]f)^ Hel^^^-^1(S6)« *M)cfl3. ^ 

<86> ^7^-1^, ^l^AHHl^fil- V}%7\X]S. Cf^Sl 7>>L7l-g-^(33)-g: -f-*}^ 1"%^7>^:7> 

^V^l^ ^ ^7}-& ALD ^-^^^1(S2)7> °H, ALD A1 2 0 3 , 

Hf0 2 , Zr0 2 S. <>l-¥-<H*l^ ^-s.^ *KHt}-. 
<87> A>^«fl = ^ #51^^:, l£-A>-fr(21) , ^]2^>* (22) , 7>i?l €-*(33) ^ ^ 1=- ^> 

M-S iELBfol #5l^ 7>>i7> ^-A>£lJl UH*1 !-%^7>^7f ^A}^ #3HH 

^<8€i=h ^^fl, ^«fl = (40)«^| °J7>5]^ RF °im*l^r 300W 4500W ^l^H^. 

<88> ^ > A>^^l = ^el^ci-74KS4-3)oll &°]*\, A>^*)1 = (40)^1 A^U] ^7}*] 

ol o] 7 ].*J. ^ olcf. 
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<89> jEth ^]oM^m^^}(S4'-3)7\ 4^|£| 4^3^ ?| 

°1^#^(20) Afls^r 0113171*01 o]-^ -£eHH ^Al^cf. olafl, Sfl o} 5] -g- 53 ( 20 H <^ 

7>5l^r RF oflM^lfe- 150W <>1# 2000W ol^-olc}-. 

<90> H£l^^^7]](S6)^, ^ols]M.^(20)^Hl cH7l#ol <&±r tfEfloflAi ^SjS}^ ^lH^ 

^olsi^.^(20)^Hl ^ n] 71 *# S^a1?J ^^s]^ ^2HHl^^^^lS. ^ 

<91> aV 7 } fl 7 >^i^ BCI3 5£*r l;*^7l-^^ £^-* BCI3 7^0]^, ^-%^ 7 ]-^^ Ar 

<92> BCI3 ^ -fi-^ 5sccm ol^V lOOOsccm °H , 7}-^<3l # -R-^^r 5sccm <>1# 

lOOOsccm olnl, h! 0.^.7] (100) <y-^^- 2 Torr -R-xlS]^ ^o] §>rf. 

<93> £ 18^ £ 1 ^*1 5L 3^1 H -[5[fAH^lt ^l-g-^V^ ^*Rr ^H^J-^ 

^-^olcf. *ll4^HHA-i^, =el-oi^ei^cf7lHl 9X°] , 40)sf ^H^e} (20)<^1 

<Hl RF <^i*l7> ^fs^, o] a>^S|1.ei(40)<2]- o] (20)°} -g^H ^^S\B.S. £ 

<94> ^ o. ^^^1 £ a1^ <g ^AHU- ^jlS. ^^Sl^^M- o]^ ^Al^o] ^ofl 

^, ^"71^ £-0)0] ^aJ-o] 7 ^ ol S «-Ei Cfoj:^ **t§ ^ ^*1 El- ^AHl7> 
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^ AI2O3, Hf0 2) Zr0 2 ^ ^ nn-^r «>-§-§-7|» 1^1 &:elsl 

*M ^ $1^, Ci 4°>7> S^*] = eW#B^# j^^tII ^-O.^ ^j^O] ^ 
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[^T 1 * 1] 

^tH(10) ^-T-^l ^l^H 7l^h(w)# ^£riES 7>^^ ^1^1^1:^(20), #7] 

^n\(10m ^-g-*Hr ^2= (30) ^ #7l ^2= (30)^1 ^ofl zz. c^Q)^ 

711 ^1J-€ ^7] 7l^;(w)l-S. Zj-Zf ^11>-g-7>^Sf ^2ti>-g-7>^# ,2^*} 

*(21)(22)l:Ol %^ A^^)B.(40m 7}x}±r #-§-§-71 (100)^; #7l a><^]j=( 4 0) S^r #7l 
a>^^| = (40) 9? #7] $H°l3*|-i:Sj(20).O3. rf ojlM^l* Sl7>*Vfe a^IE. ^ RF oflu) 

^^^-(50)(60);# 5L^-*Kr al^ft^^lt °l-§-*Rr ^-^-^i, 

A o v 7l ^lol^^-^(20) ^Hl 7l^r( w )# s^sRr 7l^^KSD; 

7l^r 3^ ^-71 7l^r( w ) A <H1 ALD ^^-g- ALD "V^^tH (S2); 

^71 ALD ^ol ^aV^ 7l^;(w)# ^olsl^-^(20)^Ai o}^^ ^^S^Tl} 

(S3); 

A J"7l 7}& 91^^- ^7} ^Hs^-b^O^cHI c-l^l7l^ 3^*Rr elnl7l^rS^^^l 
(S4-1); 

A oM XZ\v]7]# S.^^ Mr%^ 7}^ ^ m^l^r, l:«^7l-i<2l- #5]^ 7>^# 

A o V 7l ^-§--8-71(100)3. -frSJ^l^ ^ ^-§-§-71(100) vfl«- 7 ].>- ^ oj-^^ o>^^.Al 

7)^ ^£l€-^^^^:^(S4-2); 

#7l 7^ -R-^ ^ ov^ol ^a?-€ ^71 A^^lE (40)6)1 RF ofluixll- o] 7 l-^^ ^ 

E^7>>i» #^5l-Al^ O.S.^1 ZL #^^7>^oH o^a} -# 7 | a^*)1e(40) a^ofl ^ 

HVoV^. ^l^OJ- ^T^Rr A>^^l = #Sl^^;7ll(S4-3); 
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#7] A>^^|£.#Hl^^^(S4-3) #7l C]n}7l^-i- #7l $ o] 2)^) (20H ^ <£i^ 

^Itt clul7l^S.^^r7Jl(S4-4); 

#7l C^l7l^S.^^7jl(S4-l)ofl^ C-]p}71^S-^^^(S4-4) A>o]^ c+7]ll- 3j 

°]5L 1 si c>l# ^^s], AfljL£ c]Dl7l^ ol-g-^ ^*Rr ^T^^(S4-5); 

#7l «>-S-g-7](100) ifl-M- tf^7}iS 3)*]*Kr ^-g-7l^^l^7fl 
(S5);» ALD _ 

2] 

#71 ^ = (30) SE^r #7l a>^s)1c(40)^ ^oll^ #7l *H-g-7l(100) 
tt^7l-it £-aV^ cf^^l 7 >i^s-*(33)ol ^5)<H ^Jl, 

#71 ALD ^-^^-^-7jl(S2)^, #71 7>^7l^l-(33)5- ^%^7}+7\ Aj- 7 j 
^-71(100) vfl^i^L !:%#7>^7ls.ol ^o> ^-1- ^ *>fe ALD 

[^t 1 * 3] 

^ii%hi sa°H. 

#71 ^3 £.(30) 3L±r #71 A>^*)1 = (40)21 #7l *>-§--§- 7l ( 100) 

lr«^7>>r# ^a>^^ cf^cq 7 \^7] s#(33)^l ^#£1^ fl;a, 

#71 ^^£#5^^31(84-3)^, ^-71 ^li^A>^(21), ^12^-A>^(22), #71 7f^7l€- 

#(33) ^ ^ S>U|^ =^ol 7V>17> -gr^Zl M-^^l ^^7^7^ «-A|-£l^ 
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X] ^-71 A]^ 31 = (40)3. 9}7}S)±r RF <^m^« t-S^AS °J7>*>^ 1|- 

<5}^r ALD aj-nj-^avyv^ _ ■ 

5] 

^7} A^5jl£ (40)^1 ^]7l-£]^ RF oflui^^ 300W 4500W ^l*}^ 

ALD MVD>^a}-« o v^ 

13^* 6] 

, #7} 31 o] tfM. ^ (20) ^1 RF ^1 M^ll- <y 7>*H 7>i# 5^1 ^ O. ^ ZL %Aj 5)-^ 

#e]^7l->l^ £}<5H A o V 7l ^Ol3l1#^(20) ^3°-3. #Sl^Rr 

sll:^#5]^^^(S4'-3)l- t\ S.^}^ 53 -i- ^^-S ^ ALD 
7] 

#71 *flol^!:^#e^cl7ll(S4'-3)7> a o V 7 1 A^^Ef #5}^ ^ o^ofl T^-f , 

#71 31 0)^^-^(20) #oil a1\s.°- ^u) 7 )^o) oj-av^ j=r ^Ajs]^ ^ 4^1 0.5. *>£r ALD 
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IQtt 8] 

A oM ^o]3H-^(20)°fl <?I7>51^ RF ^lM^l^ 150W o]^- 2000W 53 # ^-£-5. s> 
^ ALD Mi-^^^-w]-^ . 

9] 

(100) i^m^l Ji^M?]^ ^e}ia^<E^KS6)-I- xi\ S.^}^ , ^7} H^^^^7il(S6)^ 

^1°1^1-^(20)^H1 tH^7l^ol #Bfl<*1H ^Sjfe *\]l^3.^&7\}9\- ^"71 3H^-g-^ 

(20)^,H1 t:-H7l^-i; ^^HH ^]2HslS^^^S. 3* ^'AS 

*>^- ALD . 
10] 

^£]^r ^7) ALD A1 2 0 3 , Hf0 2 , Zr0 2 °l-¥-<^l^r ^ff ^uj-o] ^j-g- s. 

^ ALD o^v^^-hv^ 

[^t 1 ^ 11] 

^11%H1 SU^H, 

^"71 #B}^ 7}^ BC1 3 1-%^ 7]-^ 2} £^ BCI3 7>^o|o^ _ AV 7 ] ^^ 7 }^ 

Ar £^=r N2 5. ^oflA-j BH^sq^ ^o. ^ ALD tiVg|^3|-yV^ 
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[^^%1 12] 

^11%H1 9X°]*], 

BC1 3 SI -B-^ 5sccm °1# lOOOsccm °H , 7>^<2l # -fr^fr 5sccm 

lOOOsccm °H, ^7} #-§--8-71(100) ^ 2 Torr -fr*ls!)fe ^Jo.s 

ALD ^-^-^^^ . 
[^^%1 13] 

^HdO) ^^f^l S.^& 7l«(w)# 4i^^r£S. 7><t*Kr ^101^^-^(20), >S-7l 

^«U10)« g<H ^-g-sRf- ^ = (30), -*7l ^-sl = (30)sl ^6fl zl ^-el^(30)^ 

^-71 7|t(w)tS *fll#-§-7l->i<4 ^l2til-g-7>^# ^V^>^- ^11,2^^. 

(21)(22)#ol t&q# A>^§|]c(40)» 7Hb #-g-8-7l(100)^-; -S-71 A>fl^| = (40) SL±r ^-7} 
a>^^| = (40) ^ ^"71 n 0} (20) SLS. RF «^m^l# °J7>§>^ *m rf o\]xi\ 

^l^-¥-(50)(60);* i^Rr «l-^^-^li- ol-g-^ ^jls^, 

A o v 7l 4| o] 31) 1-3) (20) #°fl 7l^r( w )-g- S^Rr 71^5.^^-711 (SI); 

^71 7]& 3.^ ^7} 7]&(vr) ALD ^-§r f^*Rr ALD ^^#^1 (S2) ; 

^-71 ALD ^aj-^ 7l^r(w)^r ^ol^-g-B} (20H1 *| <£5L^Br 7)^3,^^} 

(S3); 

A oM ^7l ^H^l"^ (20)2] ^£1- wVn^^Aj^^ ^.o. o] oj o] 

^#^Rr ^rS.*>^#7ll(S3.5); 

°J21^ -&£5 *>#:Q >^7l ^1^1 ^#^(20)^1 O^M^ S^SRr K\u]7]&3,^i£7\} 
(S4-1); 
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71 ^-§-8-71(100)3. -R-^^l^ H>-g-g-7l(100) ifl^- ^Ti^l 7>^ ^ «J ^>^^-Al?| 
JE5^1*N^l(S4-2); 

^-71 7^ -B-^ ^ o].^^ ^"71 A>^^|S.(40)6fl RF ^lM^lS 

#Sl^7>^# .*H3 3**13 0_3.*| ZL #Bl^7Vi^l sfr 7 ] A>^)*|lJE.(40) S^l 

a 0 V 7 1 ^^l^#el^^l(S4-3) ojJ*: Clnl7l^ #7l ^| o] (20HH 

*1 7]^ ^Dl7l^;^ S igc1- 7jl(S 4_4 ); 

^7l clal7l^^^-^l(S4-l)o11^ c-1d171^:^S^^-^1(S4-4) ^xf^jo] #7fl» 

1 3 o]^- ^^^5), Afl^o. cin] 71 ol^>c^ ^*}^ H]-M.^^(S4-5); 

#sl^ QS-^l ^7} ^--§-^-71(100) tfl«-l- «r«:^7>>iS. sM*} 1 ^ q 7 \ 

(20)21 Hj-nV-^Ajo} ^A]7l^ -^5L^ ^ *h§-g-7l #31 (S5' )♦ S.^} 

tt 7 A=r ^^SLS. f>}±r ALD ^"^l^. 
14] 

^7) ^ = (30) #7] A>^^^(40)21 #7} «>-§-§- 71(100) ifl^ °.3. 

tt^7}if ^-A>^ 7>^7l^^(33)ol 91 JL, 

^7l ALD ^-^^Tfl (S2)^, ^71 7 >^7l^*(33)S. !:%^7}-i7> #7l til-g- 

-§-71(100) lfl«*^ O.S #«^7>^7l^-ol =-*g£)±=. # o. f ^o S ^ ALD ^-bv 

45-30 



1020030015718 %^ <£t.\: 2003/12/30 
15] 

2)113%M1 $H>H, 

^•71 #^ = (30) £^ ^-71 A>^«H = (40)^ ^Mfe #-g~g-7Kl00) ifl^ £.3. 

^7} A>3^ = #3^#7fl(S4-3)£r, #71 *l|l£-A}*(21), ^2^-A>^(22), 4>7l 7>>17HS. 
#(33) # <H2= *>M-S ^e^-oi 7|-^7> £-a}sU u^x) #^5. ^%^7}^7} 

A o v 3HH 4^3*r ^io £ ^ ALD 

16] 

^113^H1 91°]*], 

^7} ^^l-^#e1^^1(S4-3)^ &<>H t A oM A>Jfl^| = (40)^ ^r£7> 2f£s>7ll %^7\ 
A #5.^, ^7} A>^«flc( 40)S ol7>5)^ RF ^im^l* f^^lS upr°1 $l7>S>fe ^ ^ 
ALD w^^w>tf . 

17] 

^lmHl 91°]*], 

^7} a>^] ^^(40)^1 ^17>£1^ RF <HlM*l^r 300W °1^ 450OW °}ffr<& AS. ^ 

ALD yvo^^taj-^ 

18] 

*fll3%Ml &<H>M, 

A o V 7l ^101^^^(20)^1 RF ^lM^l* °j7l-*>ol #51^7^1- *^^-Al^lO. S ^ n ^2}-^ 
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#E^7}i°fl i^H ^01311-^(20) ^^i!5L ^1^1 

^l:^#£l^^:7fl(S4 , -3)l- c| 3£^>^ ^* ALD avov^^vwvtf _ 

19] 

^-7] ^olsll : ^#^^^7fl(S4 , -3)7V ^71 Ajr^IELl- #5^ *1 °1 ^Ml 3 ^ % ^- , 

^7} ^1^^1-^(20) ^Hl Afls-g: cinl 71^ o] ^ ^ ilS. ALD ^1 

. 

[^■7* 20] 

^118"%H] 91°]*], 

A c v 7l ^Hs]^ 5H20H1 °i^>^^ RF <Hl M *1 fe- 150W 2000W e> 

^ ALD h]-^2}-w 0 V^ . 

21] 

(100) jl^I^tt HelS^^-7fl(S6)l- IfsH, A o V 7] ^BlS^^-7fl(S6)^ #7l 

3MS1#3(20)^M1 ^^7^0] ^-EfloflA-l ^l^el^^^Tllsq- ^-71 SM^-g-e} 

(20)^1 t^M^ sL^a)^ ^e]HH ^^s]^ ^12S^S^^:^S. ^-^3. 

ALD «]-nV^2l-tiVrf 
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22] 

f^^r #7l ALD ^n^r A1 2 0 3 , Hf0 2 , Zr0 2 S. ojs^^- ^ §>ufo] ^ js. 
^IS. ^ ALD uvnj-^avyj-tf 

[^T 1 * 23] 

#71 7>i^ BC1 3 Sfe l-#^7>^ BCI3 7>^ol^ > a o V 7 ] 

Ar S^r N2 3. °1^-<H*! ^^xr 3^g- ^3-2.3. *>Tr ALD HVnV^^-^tf _ 

[3^8" 24] 

*)123"M 

BCI3 ^ -fi-^ 5sccm ^ lOOOsccm °]^, 7}-^ # -fi-^ 5sccm 

lOOOsccm °H, #7l wl-§-8-7l(100) tfl-f- 2 Torr °1*}3 ftx]^ ^-2-3 ^>tt 

ALD aVnV^^VHj-rt 
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